Introduction
The finite-difference time-domain (FDTD) [l-31 method is suitable for solving scattering problems that contain several inhomogeneities [4] [5] [6] [7] such as multiple objects of different material properties buried in a layered medium. The advantage of the FDTD method is that the number of unknowns remains the same and a small amount of extra modeling effort is needed for these problems. We have developed a three-dimensional (3D) FDTD computer program that employs pure scattered-field formulation and perfectly matched layers (PML) [8] as the absorbing boundary condition (ABC) of choice. The purposes of this study are to model a subsurface radar and to observe and distinguish between the fields scattered from various buried objects with different parameters such as the size, depth, number, etc. contains a transmitter and a receiver travels over the object at a fixed elevation.
PML for Layered Media
A 3D FDTD computational domain containing a vacuum region and a ground region with cr = 2 is prepared to simulate the operation of a subsurface radar. The radar is assumed to contain a transmitter and a receiver, which travel together in the radar unit. Other transmitter and receiver configurations [9] can also be modelled. An arbitrary number of perfect electric conductor (PEC) and dielectric objects can be modelled in the ground region. The computational domain is surrounded by PML ABCs to minimize the reflections. The current pulse on the transmitter and the FDTD grid parameters Ax, Ay, Az, and At are the same as those used by Chew and Weedon [lo] . The raw signal received by the receiver is composed of three components: (i) the incident signal, which comes directly from the transmitter, (ii) the reflected signal, which is due to the vacuum-ground interface, and (iii) the scattered signal, which is due to the buried object(s). Although the raw received signal is easy to obtain in practice, it is dominated by the incident and the reflected signals and, therefore, the scattered signal is not easily detectable. For this reason, we subtract the incident and the reflected signals from the raw received signal to obtain the scattered signal. This signal is difficult to obtain in practice, however, we use it as a reference signal in our study. A signal that can be obtained in practice is the "derivative" signal, which can be obtained by differentiating the raw signal with respect to the radar position. The differentiation operation can be approximated using finite differencing, i.e., Figures 3 and 4 show the FDTD simulation results for two and three, respectively, small single-cell PEC cubes that are horizontally aligned. The PEC scatterers are buried 5 cells under the ground and separated by 8 cells. In Fig. 3 , the two objects are identified successfully. On the other hand, it is harder to interpret the scattering-signal results of Fig. 4 to identify the three objects. However, the derivative-signal results are more helpful in this respect. Figure 5 shows the scattering and derivative signals for two small cubes that are vertically aligned 5 and 9 cells under the ground. The scattering effects of these two objects are clearly separated in time due to the difference in their depths. 
Conclusions
3D FDTD method that employs PML ABCs (for layered media) is used to simulate the operation of a subsurface radar. The "derivative" signal, which can easily be obtained in practical systems, is shown to be useful in the identifying the buried objects.
